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The o b j e c t i v e  of t he  ICRISAT sorghum improvement program i s  t o  im- 
prove t h e  y i e l d  and s t a b i l i t y  of v a r i e t i e s  and hybr ids  i n  d i v e r s e  phenotypic 
backgrounds i n c l u d i n g  a  range of m a t u r i t i e s  and p l an t  h e i g h t s  and wi th  good 
g r a i n  q u a l i t y  f o r  food use .  Impor tant  A S  t h e  development and u t i l i z a t i o n  
of r e s i s t a n c e  t o  p r i o r i t y  i n s e c t ,  d i s e a s e ,  S t r i ~ a ,  and drought problrms 
The u l t i m a t e  g o a l  i s  t o  h e l p  g e n e r a t e  a  s h i f t  from t r a d i t i o n a l  sub- 
s i s t a n c e  a g r i c u l t u r e  t o  a  more t e c h n i c a l  market o r i e n t e d  a g r i c u l t u r e .  A 
new v a r i e t y  and i t s  management can  t r i g g e r  change, b u t  a lone  cannot  sus t i l i n  
change New v a r i e t i e s  and t h e i r  management c r e a t e  changes in  d i s e a s e  and 
i n s e c t  problems and a  r e l e v a n t  r e s e a r c h  s t r u c t u r e  need be  developed t o  on- 
t i c i p a t e  and respond t o  t hese  changes .  F a i l i n g  t h i s  t h e  new v a r i e t y  may 
c r e a t e  new problems and f a i l  t o  c o n t r i b u t e  But a l s o ,  t h e  developmedt of  
new v a r i e t a l  m a t e r i a l  i s  a  con t inu ing  p roces s .  To s u s t a i n  change i n  a g r i -  
c u l t u r a l  development r e q u i r e s  a  long term commitment t o  r e s e a r c h  In a d d i -  
t i o n ,  t h e  e n g i n e e r ,  t h e  eocioeconomis t ,  t h e  p o l i t i c i a n  and government p l an -  
n e r s  must a l s o  b e  involved t o  ensu re  t h e  community of goods and s e r v i c e s  
( i n c l u d i n g  c r e d i t )  t h a t  must be  p a r t  of t h e  process  of c r e a t i n g  change 
The r a t e  of t h e  c rop  improvement process  i s  enhanced by t h e  s h a r i n g  
o f  expe r i ence  and m a t e r i a l s .  I have been impressed i n  my expe r i ence  of  t h e  
v a l u e  r e a l i z e d  from s h a r i n g  knowledge and t h e  r a p i d  m o b i l i z a t i o n  of  u s e f u l  
germplasm between s c i e n t i s t s .  I a t t r i b u t e  much of t h e  change t h a t  we have 
observed d u r i n g  t h e  l a s t  20 y e a r s  t o  r a p i d  germplasm exchange. 
I. De te rmina t ion  of Ob lec t ives  
To determine  o b j e c t i v e s  we must a s k  some q u e s t i o n s :  
1 )  What i s  our  t a r g e t  group? I unders tand t h a t  one of your major 
o b j e c t i v e s  is  t h e  f eed  market i n  Japan. A t  ICRISAT we f r e q u e n t l y  r e f e r  t o  
t h e  poores t  of t h e  poor where i n p u t s  such a s  f e r t i l i z e r ,  w a t e r ,  and in -  
s e c t i c i d e s  may n o t  be  f e a s i b l e .  We ma in t a in  a  concern  however, t h a t  our 
v a r i e t i e s  and hybr ids  do respond t o  good management s u f f i c i e n t l y  t o  con- 
t r i b u t e  t o  t hose  who can provide  i n p u t s .  
2)  How do we manage o u r  b reed ing  n u r s e r i e s  and y i e l d  t r i a l s ?  We must 
endeavour t o  r e a l i z e d  t h e  o b j e c t i v e  f o r  which a  n u r s e r y  o r  t r i a l  was organized 
Th i s  appea r s  obv ious ,  b u t  how many t imes  has  a  y i e l d  t r i a l  f a i l e d  because  of 
b i r d  damage. I w i l l  r e t u r n  t o  t h i s  problem i n  g r e a t e r  d e t a i l ,  b u t  g e n e r a l l y  
one wants t o  maximize h i s  s e l e c t i o n  oppor tun i ty .  We have i n d i c a t i o n s  t h a t  
v a r i e t y  b y  f e r t i l i t y  i n t e r a c t i o n s  a r e  sma l l  and f i n d  i t  e a s i e r  t o  s e l e c t  a t  
r ea sonab ly  good f e r t i l i t y  l e v e l s .  On t h e  o t h e r  hand, i n t e r a c t i o n  of v a r i e t y  
w i t h  m o i s t u r e  s t r e s s  i s  h igh  s o  e v a l u a t i o n  o f  t h e  same e n t r i e s  i n  bo th  con- 
d i t i o n s  i s  d e s i r a b l e .  Permi t t ing  non-devas ta t ing  a t t a c k s  by i n s e c t  p e s t s  i n  
a  nu r se ry  may provide the  oppor tun i ty  of d i sca rd ing  the  s u s c e p t i b l e s .  Loca- 
t i o n ,  t ime of sowing, and use of sp ray  may a l l  be u s e f u l  t o  permit  a des i r ed  
l e v e l  of i n f e s t a t i o n  leading t o  a d e s i r e d  oppor tun i ty  f o r  s e l e c t i o n .  Ultimntc- 
l y  y i e l d  t r i a l s  should be grown in  f a r m e r ' s  f i e l d  c o n d i t i o n s .  
3 )  What kind of a  r e sea rch  o r g a n i z a t i o n  do we want? Genera l ly  t h e r e  
a r e  one o r  more s t a t i o n s  i d e n t i f i e d  t o  under take  developmental  work and o the r  
s t a t i o n s  i d e n t i f i e d  p r imar i ly  f o r  e v a l u a t i o n  F i n a l  eva lua t ion  f r equen t ly  i s  
undertaken on f anne r ' s  f i e l d s .  A team of s c i e n t i s t s ;  b r e e d e r s ,  en tomolog i s t s ,  
p h y s i o l o g i s t s ,  p a t h o l o g i s t s ,  and o t h e r s ,  i s  f r e q u e n t l y  a t  t h e  main s t a t i o n s .  
Coordinat ion  i s  u s e f u l  t o  p lanning,  e v a l u a t i o n ,  and r e p o r t i n g  of work, An- 
o t h e r  advantage of coo rd ina t ion  i s  a s s i s t i n g  i n  r ap id  mob i l i za t ion  of breed-  
ing  s tocks  between s t a t i o n s .  Coordinat ion  cannot be fo rced ,  i t  i s  a  s e r v i c r ,  
and agreed t o  by a l l  concerned. We f e e l  i t  b e s t  i f  t h e  coo rd ina to r  i s  a  
s c i e n t i s t  wi th  h i s  own research  program. 
An impor tant  ob jec t ive  of r e g i o n a l  r e s e a r c h  i n s t i t u t e s  such a s  ICRISAT 
i s  t h e  s t r eng then ing  of country  programs. I n t e r n a t i o n a l  c e n t e r s  can a s s i s t  
but cannot c r e a t  t h e  sus t a ined  changes r equ i r ed  t o  gene ra t e  a  s h i f t  t o  a  more 
t e c h n i c a l  a g r i c u l t u r e ;  c e r t a i n l y  they cannot r e p l a c e  t h e  need f o r  in-country  
r e sea rch  c a p a b i l i t y .  The sha r ing  of expe r i ences  between country  programs and 
i n t e r n a t i o n a l  c e n t e r s  i s  impor tant  t o  both  o r g a n i z a t i o n s .  At ICRISAT we hope 
t o  develop agronomically u s e f u l  m a t e r i a l  i n  pheno typ ica l ly  d i f f e r e n t  backgrounds 
t o  develop sou rces  of r e s i s t a n c e  and g r a i n  q u a l i t y  i n  agronomical ly  u s e f u l  
backgrounds,  t o  develop t echn iques ,  and t o  a s s i s t  wi th  t r a i n i n g .  We do not 
f e e l  t h a t  we can develop f i n a l  products ,  we r ecogn ize  environments and prob- 
lems f o r  which we cannot respond. We know t h a t  r e s i s t a n c e  t r a i t s  will have 
t o  be  inco rpo ra t ed  i n t o  l o c a l l y  used v a r i e t i e s  i n  t h e i r  a d a p t a t i o n  a r e a s .  We 
f e e l  t h e  need f o r  l o c a l  r e sea rch  c a p a b i l i t y  t o  respond t o  changing needs. 
P l a n t s  have no knowledge of p o l i t i c a l h o u n d a r i e s a n d  we recognize  t h e  va lue  
of r e s e a r c h  anywhere t o  t h e  i n t e r n a t i o n a l  community. The i n t e r n a t i o n a l  c e n t e r  
can provide  a  coo rd ina t ing  s e r v i c e  t a k i n g  c a r e  t o  acknowledge c r e d i t .  
4 )  The v a r i e t y  v s  hybr id  q u e s t i o n  i s  a  f r equen t  i s s u e .  It has been 
w e l l  demonst ra ted  t h a t  hybr ids  a r e  more s t a b l e  and y i e l d  b e t t e r  t han  v a r i e -  
t i e s  p a r t i c u l a r l y  a s  growing cond i t i ons  become more h a r s h .  The major problem 
i n  u s i n g  hybr ids  i s  t h e  production and market ing  of s eeds .  This  i s  more r e -  
l a t e d  t o  an i n d u s t r i a l  type a c t i v i t y  than a  governmental  type  a c t i v i t y  and 
m i n i s t r i e s  and departments of a g r i c u l t u r e  need t h e  w i l l i n g n e s s  and f l e x i b i l i -  
t y  t o  s tudy  t h e  problem and encourage new developments.  Proper ly  done, a  
hybr id  seed +ndus t ry  can l a y  a  base  f o r  developing a  seed law, i nc lud ing  c e r -  
t i f i c a t i o n ,  s t r eng then ing  q u a l i t y  c o n t r o l  of seed.  I p r e f e r  t o  f a c e  t h e  prob- 
lem o f  seed product ion  accep t ing  concern t h a t  a n  e f f o r t  must be  made t o  g e t  
t h e  job p rope r ly  done. This i s  an  i n d u s t r y  and r e q u i r e s  a  market - i f  t h e  
p e a  sown t o  sorghum i n  a  country  i s  t o o  small t o  suppor t  a  seed i n d u s t r y  
irhen it i s  l i k e l y  b e s t  t o  r e s t r i c t  t o  u s e  of v a r i e t i e s .  
5 )  What about l o c a l  v a r i e t i e s ?  It i s  my expe r i ence  t h a t  some of t h e  
-#st promising s e l e c t i o n s  have come from c r o s s e s  between l o c a l  v a r i e t i e s  and 
adapted  e x o t i c  t y p e s ;  a l s o  good s e l e c t i o n s  have come from progeny of c r o s s e s  
between adapted  e x o t i c  t ypes .  The l e a s t  c o n t r i b u t i n g  has  been an  e f f o r t  t o  
o b t a i n  c o n t r i b u t i n g  s e l e c t i o n s  i n  progeny of l o c a l  x  l o c a l  c r o s s e s .  There 
a r e  excep t ions .  A look a t  t h e  s i t u a t i o n  i n  Ind ia  i s  i n t e r e s t i n g .  Three 
hybr ids  have been developed t h a t  a r e  c o n t r i b u t i n g  - moving t o  t h e  farmer .  
The f i r s t  i s  CSH-1 and t h i s  r s  a  c r o s s  between combine k a f i r  60 A- l ine  and 
IS-84, a  yel low endosperm l r n e  s e l e c t e d  from s e g r e g a t i n g  m a t e r i a l  f r a n  Texas. 
CSH-5 and CSH-6 b o t h  have t h e  same p o l l i n a t o r  pa ren t  CS-3541 (CSV-4). This  
e l i t e  pa ren t  was s e l e c t e d  from a  c r o s s  between IS-3541, a  Zera Zera l o c a l  
type  from t h e  Sudan and IS-3675, a  recovered yel low endosperm k n f i r  l i n e  from 
Texas. The female pa ren t  of CSH-5, IS-2077A i s  de r ived  from t h e  c r o s s  MS-385A 
(a  k a f i r  60) x IS-1053 (G-11, a  l r n e  from Andhra Pradesh) .  The female parent  
of CSH-6, IS-2219, i s  from a  k a f i r  s h a l l u  i n t r o d u c t i o n  i n  t h e  c o l l e c t i o n .  In 
s h o r t ,  t h e  t h r e e  most promising hybr ids  i n  I n d i a  today involve  5  o r i g i n a l  l i n e s  
on ly  one of which i s  from Ind ia .  CS-3541 i s  from a  l o c a l  by e x o t i c  c r o s s ,  
except  t h e  l o c a l  i s  from t h e  Sudan and no t  from Ind ia .  The r o l e  of i n t roduc -  
t i o n  i s  appa ren t .  
A problem a r i s e s  i n  a t t empt ing  t d  u s e  e x o t i c  v a r i e t i e s  t o  compete w i th  
l o c a l s  i n  p a r t s  of West A f r i c a ,  where mo i s tu re  s t r e s s  i s  s eve re .  The l o c a l s  
have f r e q u e n t l y  come t o  an  equilibrium s i t u a t i o n  wi th  r e s p e c t  t o  d i s e a s e s ,  
p e s t s ,  and o t h e r  problems and y i e l d  f avo rab ly  wi th  r e s p e c t  t o  i n t r o d u c t i o n s .  
The i n t r o d u c t i o n s  a r e  f r e q u e n t l y  much more s u s c e p t i b l e  and we t a l k  about  c r o s s -  
i n g  t o  t h e  l o c a l  a s  a  sou rce  of r e s i s t a n c e .  At t imes  one a s k s  h i m s e l f ;  why 
b o t h e r  wi th  e x o t i c s ?  Almost u n i v e r s a l l y ,  b r e e d e r s  a r e  want ing v a r i e t i e s  2 
t o  4 weeks e a r l i e r  t han  t h e  l o c a l s .  The a v a i l a b i l i t y  of r e s i s t a n c e  t o  g r a i n  
mold makes t h i s  more p o s s i b l e  a s  d e t e r i o r a t i o n  i s  avoided i f  t h e  r a i n s  con- 
t i n u e  beyond e x p e c t a t i o n .  We s t i l l  must s o l v e  t h e  problem of midge b - ~ i l d - u p  
on e a r l y  e x o t i c s  t h a t  do s u b s t a n t i a l  damage t o  t h e  l a t e r  matur ing l o c a l s  - 
t o t a l  p roduc t ion  can i n  f a c t  go down. The g r a i n - s t r a w  r a t i o  of l o c a l s  i s  not 
good ( 1  t o  4 ,  1  t o  5 )  and t h i s  f r e q u e n t l y  l i m i t s  y i e l d  - b e s t  g r a i n  y i e l d s  
a r e  r e a l i z e d  when t h i s  r a t i o  i s  c l o s e  t o  1 t o  1 o r  1 t o  2 .  The chances a r e  
good t h a t  y i e l d s  can be  i n c r e a s e d  above those  of t h e  l o c a l  w i th  a  change i n  
p l a n t  type .  In f a c t ,  advances i n  y i e l d  t h a t  I am aware of have g e n e r a l l y  come 
from p l a n t s  t h a t  a r e  pheno typ ica l ly  q u i t e  d i f f e r e n t  than l o c a l  t ypes  ( a g a i n ,  
t h e r e  a r e  e x c e p t i o n s ) .  
F r u s t r a t i o n  can be  exper ienced i n  working s e g r e g a t i n g  popu la t ione  from 
c r o s s e s  between e a r l y ,  s h o r t  and l a t e  t ypes .  There a r e  a  l a r g e  number of poor 
p l a n t s  but  p rog res s  can  and has  been made. Another r o u t e  i s  t o  conve r t  pro- 
mi s ing  t a l l ,  l a t e  t ypes  by backc ros s ing  t o  i n t r o d u c e  genes f o r  e a r l i e r  ma tu r i -  
t y  and reduced p l a n t  h e i g h t .  The problem i s  much reduced when b o t h  p a r e n t s  
have t h e  same h e i g h t  and m a t u r i t y  genes .  
6 )  Adapta t ion  Zones. Some people  dream of v a r i e t i e s  and h y b r i d s  w i th  
u n i v e r s a l  a d a p t a t  i on .  It i s  t r u e  t h a t  l o c a l  v a r i e t i e s  f r e q u e n t l y  have r a t h e r  
l i m i t e d  environmenta l  a d a p t a t i o n .  Hybrids used i n  such a r e a s  may have much 
b roade r  a d a p t a t i o n  b u t  t h e y  a l s o  have l i m i t s .  From our  p o i n t  of view a t  
ICRISAT, we f i n d  no correspondence  between t h e  a d a p t a t i o n  o f  v a r i e t i e e  a t  
Hyderabad w i t h  t h e  h igh  r a i n f a l l  long season  o r  h igh  e l e v a t i o n  a d a p t a t i o n  
zones i n  A f r i c a  and C e n t r a l  Amcrica.  Some o p p , y r t a ~ i i t y  L L )  un<it , r . t .~k, ,  ~ I t . v t ~ l , ~ p -  
menta l  a c t i v i t y  i s  i m p o r t a n t  i f  v a r i e t i e s  \Icvell.pctl i n  o n e  L ~ d : i y t . ~ t i ~ ~ n  z o ~ ~ t ,  
a r e  poor I n  o t h e r s .  U l t r a  f i n e  c ~ n v i r o n m e n t a l  def  i n i t  iL>l-i d i ~ r s  no t  . ~ p p e . ~ r  
n e c e s s a r y  f o r  v a r i e t a l  and h y b r i d  improvcmcnt. 
The d i s t r i b u t i o n  of  d i s e a s t , ,  i n s e c t ,  and o t h r r  p r o b l ~ ~ m : :  U P  t i~i t  t ~ ) l l i w  
c l i m a t i c  a d a p t a t i o n  zones .  The a v a i l a b i l i t y  of s o u r c c s  ~ 7 f  r c , s i s t . t r ~ c t ~  i n   rod 
agronomic backgrounds  r a y  b e  u s t , f u l  o u t  of  t h e i r  v a r i i - t a l  i rdap ta t  i o r ~  zL?nt, - 
i n c o r p o r a t i o n  of  such  t r a i t s  i n t o  a d a p t c d  v a r i c t i c s  wculJ nct\d t o  hi2 do111, 
l o c a l l y .  
It i s  sometimc a  q u e s t i o n  o f  wtl 'tl~er .I f a n n e r  s l ~ o u l t l  sow cC11-t1 o r  :;i3r- 
ghum. Corn i s  e n c r o a c h i n g  i n t o  t h e  v a s t  sc>rphum a r e a  i n  t l l r  hig11,1n11,: sc ; i so t~  
r a i n f a l l  a r e a  o f  A f r i c a .  Sorghum i s  e n c r o a c h i n g  i n t o  c o r n  a r e a s  of 1't~rirr-.il 
and S o u t h  America. Some f n r m c r s  i r ~  a r r a s  of  A f r i c a  clnd t h e  Americas s ~ i w  rtirri 
on l a n d  where m o i s t u r e  a v a i l a b i l i t y  i s  m a r g i n a l .  n1t.y would hts b c t t c r  01 1 
i f  sorghum was u s e d .  The a v a i  l a b i l i t y  o f  good grnirr q u a l i t y  sorghums s l ~ o u l d  
h e l p  t h e  p r o c e s s  o f  sowing t h e  r i g h t  c r o p  Ln th t )  r i g h t  p l n c r .  I f ( , e l  t h a t  
y i e l d  t r a i l s  i n c l u d i n g  t h e  b e s t  c o r n  and  t h c  b e s t  sorgliurn vi1ric.t i c s  o r  l~ybriti!: 
ahould b e  conducted  p e r i o d i c a l l y .  
11. The Crop Improvement P r o c e s s  
1)  The main tenance  o f  v a r i a b i l i t y .  It i s  ~ ~ 1 s t  n5 i m p o r t a n t  f o r  b r c ~ ~ d e r  
t o  g e n e r a t e  u s e f u l  v a r i a t i o n  on w h ~ c l l  selection can b t ~  pr.1cticc.d .I!! i t  1 s  t o  
e x p l o i t  v a r i a t i o n  i n  t h e  deve lopment  of new l i n e s  and I l y b r t d s .  
( a )  The collection numbering a b o u t  1 7 , 0 0 0  c ,n t r ic , s ,  i s  i n  c o n s t a n t  
u s e  f o r  agronomic a s  w e l l  a s  r e s i s t a n c e  t r a i t s .  ICRISA? '  i s  involvcd  111 c o l -  
l e c t i o n  a c t i v i t i e s  and i n c r e a s i n g l y  we l ~ u p e  t o  c o n v e r t  t l t r  b e s t  of tl~cbst* i n t o  
a g r o n o m i c a l l y  more u s e f u l  b a c k g r o u n d s .  
( h )  I f e c l  ~t u s e f u l  f o r  t h e  b r e e d e r  t o  p u r p o s r l y  s e l e c t  Lo improvc 
t y p e s  b e c a u s e  t h e y  a r e  p h e n o t y p i c a l l y  d i v c r s c .  Some type:; a r e  more e l i t e  
t h a n  o t h e r s  and t h e r e  I S  a  t e n d e n c y  t o  s e l e c t  t h e  most e l l t r .  T h i s  w o n  1e:lds 
t o  l o s s  of  v a r i a b i l i t y  and a n  a p p r o a c h  t o  a  y i e l d  p l a t e a u .  Consciel1ccL se1c.c- 
t i o n  t o  r e t a i n  a n  e v e r  improving  a r r a y  o f  d i v e r n e  typtss  i s  n s t e p  i n  m a i n t a i n -  
i n g  v a r i a b i l i t y .  
2 )  Wr ar t .  a s  much i n t e r e s t e d  i n  s t a b i l i t y  of y i e l d  as y i e l d  p e r  bv. B Y  
a t a b i l i t y  we mean a  more c o n s t a n t  perforrrwncc over  l o c a t i o n s  and s c a r o n s .  
R e r e  i s  v a r i a t i o n  f o r  t h i s  t r a i t ,  f o r  example SC-108 ( a  r e c o v e r e d  gambel la  
t p p e ) ,  per forms  w e l l  o v e r  a  d i v e r s e  a r r a y  of  l o c a t i o n s .  Wc s e l c c t  f o r  s t d b l  ilty b y  r n u l t i l o c a t ~ o n  e v a l u a t i o n .  R e s i s t a n c e  t o  ma f o r  l i m i t i n g  f a c t o r s  and 
m l i e r  m a t u r i t y  a r e  a l s o  t r a i t s  c o n t r i b u t i n g  t o  ~ t a b i l ~ t y .  
3) There  i s  i n t e r e s t  i n  p o p u l a t i o n  b r e e d i n g  p r o c e d u r e s  b u t  o t h e r ,  more 
w i t i o n a l  p r o c e d u r e s ,  c o n t r i b u t e  and  may b e  more r e l e v a n t .  
i n )  The p e d i g r e e  b r e e d i n g  p r o c e s s  r a p i d l y  e x p l o i t s  g e n e t i c  v a r i a t i o n  
r e s u l t i n g  i n  good g r a i n s  i n  a  s h o r t  per iod  of t ime. I f  speed i s  impor tant  
i n  meeting an o b j e c t i v e  t i t i s  i s  a  good b reed ing  procedure .  Pedigree  breeding 
i n  advanced g e n e r a t i o n s  from c r o s s e s  i s  common p r a c t i c e  and c o n t r i b u t i n g .  
Th i s  i s  a  powerful b reed ing  technique .  
(b) Backcrossing t o  i n c o r p o r a t e  s p e c i f i c  t r a i t s ,  p a r t i c u l a r l y  i f  
t hey  a r e  simply i n h e r i t e d ,  i n t o  agronomical ly  e l i t e  v a r i e t i e s  i s  worthwhile 
and f a s t .  Probably ,  t h i s  well-known b reed ing  procedure could be  used t o  
g r e a t e r  advantage  than i s  c u r r e n t l y  p r a c t i c e d .  
( c )  Popula t ion  improvement i s  slow but  a  h igh l e v e l  of v a r i a b i l i t y  
i s  mainta ined over  long pe r iods  o f  t ime.  Our expe r i ence  wi th  popu la t ions  a t  
ICRISAT has  t augh t  a  few l e s s o n s .  We f e e l  t h a t  t h e  popu la t ion  approach has 
proved i t s  worth and i s  a  v a l u a b l e  b reed ing  procedure .  I t  i s  t ime consuming 
t o  develop a  popu la t ion .  It t a k e s  land and i s  labor  consuming (expensive)  ; 
hence ,  we f e e l  t h a t  on ly  one s t a t i o n  i n  an  a d a p t a t i o n  zone need be  involved 
i n  b u i l d i n g  a  popu la t ion  ( i n c o r p o r a t i n g  m a l e - s t e r i l i t y ,  random mat ing,  and 
t h e  f i r s t  c y c l e  o r  two of s e l e c t i o n ) .  The popu la t ion  might then be  worked 
a t  s e v e r a l  l o c a t i o n s ,  pos s ib ly  recombinidg a f t e r  s e v e r a l  c y c l e s  a t  each loca -  
t i o n .  We have found m l t i l o c a t i o n  y i e l d  t r i a l s  a s  p a r t  of t h e  e v a l u a t i o n  
phase o f  each c y c l e  t o  be  a  burden on coope ra to r s  and now r e s t r i c t  m u l t i l o c a -  
t i o n  t r l a l s  t o  l o c a t i o n s  a v a i l a b l e  t o  ICRISAT in Ind ia .  D e r i v a t i v e s  from 
popu la t ions  advanced by pedigree  b reed ing  have been u s e f u l .  In t ime,  when 
popu la t ion  t r i a l s  i n c l u d e  more e l i t e  m a t e r i a l  we w i l l  r econs ide r  sending them 
t o  coope ra to r s  abroad (we do send a  t r i a l  o r  so  on a  l imi t ed  b a s i s  now). The 
popu la t ion  program began i n  1973 from e x i s t i n g  popu la t ions .  
We f e e l  t h a t  popu la t ions  should  be  made up of l i n e s  c a r e f u l l y  s e l e c t e d  
f o r  some good reason.  Simply p u t t i n g  e n t r i e s  t o g e t h e r  t o  have a  wide base  
does not appear  t o  be  a s  rewarding. We a l s o  f e e l  t h n t  some 15 t o  25 e n t r i e s  
i s  s u f f i c i e n t  and want t o  avoid  b u i l d i n g  popu la t ions  w i th  s e v e r a l  hundred 
p a r e n t s .  A p o p u l a t i o n ,  t h e n ,  would be  formed a f t e r  a  b reed ing  program had 
i d e n t i f i e d  good m a t e r i a l ;  i t  would not  be  developed t o  i n i t i a t e  a  program. 
D i f f e r e n t  people no doubt have d i f f e r e n t  i d e a s .  
4 )  The r o l e  of seed exchange i s  impor t an t .  The va lue  of b reed ing  s tock  
i s  i n  t h e  u s ing  and no t  t h e  having. The more good m a t e r i a l  can be  made a v a i l -  
a b l e  f o r  u s e  by o t h e r s  t h e  f a s t e r  we can make p rog res s .  Coordinat ion  f a c i l i -  
t a t e s  r a p i d  sped exchange. Programs should  be  r e c e p t i v e  t o  i n c o r p o r a t i o n  of  
new i n t r o d u c t i o n s  and not  s o  "locked in"  t o  t h e i r  own m a t e r i a l s  and i n t e r e s t s  
t h a t  an inf low of new m a t e r i a l  does no t  occu r .  To me, a s  b r e e d e r e ,  we have 
r e s p o n s i b i l i t y  t o  make good b reed ing  s t o c k s  a v n i l a b l e  and a l s o  t o  ma in t a in  
adequate  f l e x i b i l i t y  i n  ou r  programs t o  c o n s t a n t l y  i n c o r p o r a t e  new m a t e r i a l .  
111. Breeding f o r  Res i s t ance  
1) P r i o r i t i e s .  I nco rpo ra t ion  of r e s i s t a n c e  t o  l i m i t  problems may be  
e s s e n t i a l .  I t  i s  t ime consuming and one wonders how much e f f o r t  t o  make. 
CSH-1 i n  I n d i a  i s  used a s  a  s u s c e p t i b l e  check f o r  many problems, y e t  i t  i s  
s t i l l  t he  most c o m o n l y  used hybr id .  C e r t a i n l y  a  f i r s t  p r i o r i t y  i s  t h e  
development of  someth ing  of s u f f i c i e n t  agronomic s u p e r i o r i t y  t o  j u s t i f y  i n -  
c o r p o r a t i n g  r e s i s t a n c e .  On t h e  o t h e r  hand ,  t h e  f i r s t  p e a r l  m i l l e t  h y b r i d s  
i n  I n d i a  were s o  s u s c e p t i b l e  t o  downy mildew, e r g o t  and smut t t l a t  inoculum 
i n c r e a s e d  s o  h i g h  t h a t  even l o c a l  v a r i e t i e s  c o u l d  n o t  be grown. CSII-1 s t ~ p -  
p o r t e d  a  b u i l d  up of midge t h a t  a t t a c k e d  l a t e  l o c a l s .  There i s  no wnv tti.ir 
one can  i n d i c a t e  what b a l a n c e  s h o u l d  e x i s t  between b r e e d i n g  f o r  y i e l d  a n d  
b r e e d i n g  f o r  r e s i s t a n c e  - t h i s  w i l l  be  l o c a t i o n  s p e c i f i c .  However, i t  i s  
c l e a r  t h a t  one cannot  i g n o r e  t h e  need t o  i n c l u d e  b r e e d i n g  f o r  r e s i s t a n c c  . I S  
a  p r i o r i t y  when t h e  s i t u a t i o n  w a r r a n t s .  
2 )  The team. G r e a t e s t  p r o g r e s s  can be  made i f  a  team of r r 1 r v . i n t  
s c i e c t i s t s  - t h e  b r e e d e r ,  p h y s i o l o g i s t ,  p n t t ~ o l o g i s t  and entomologLst  - work 
t o g e t h e r .  They should  o p e r a t e  a s  a  team d e v e l o p i n g  v a r i e t a l  m t e r i . 1 1  t o g e t h l , r .  
We f e e l  t h i s  i s  a  much more e f f e c t i v e  way t o  c o o p e r a t e  t h a n  f o r  a  p a t l l o l o ~ i s t  
t o  r e c e i v e  a n  a r r a y  of e n t r l e s  from a  b r e e d e r ,  e v a l u a t e  them and send ttlc r r -  
s u l t s  back t o  t h e  b r e e d e r .  
3 )  C o l l e c t ~ o n s .  The wor ld  c o l l e c t i o n  h a s  and i s  p r o v i d i n g  s o u r c e s  of  
r e s i s t a n c e  t o  a n  a r r a y  of y i e l d  l l m i t i n g  t r a i t s .  E f f o r t s  a r c  made t o  ~ t r c n ~ t l i -  
en t h e  l e v e l  of  r e s i s t a n c e  by i n t e r c r o s s i n g  and t o  i n r o r p o r a t e  r e s i s t a n c e  
found i n  t h e  c o l l e c t i o n  i n t o  a g r o n o m i c a l l y  e l i t e  m a t e r i a l .  C o l l e c t i o n  i s  n 
p r o c e s s  i n  which we can  a l l  b e  i n v o l v e d  and any  r e s i s t a n c e  s o u r c e s  nny o f  u.; 
f i n d  should be s e n t  t o  Hyderabad.  We a r e  s u g g e s t i n g  t h a t  v a r i e t a l  namc,s i l l  
t h e  l o c a l  l anguage  be t r a n s l a t e d  a s  t h e  names f r e q u e n t l y  a r e  s i g n i f l c n n t  - 
a t  t imes  i n d i c a t i n g  r e s i s t a n c e .  
4 )  O p p o r t u n i t y  f o r  s c r e e n i n g .  The g a i n  from s e l e c t i o n  dc-pends v e r y  
much on t h e  s c r e e n i n g  o p p o r t u n i t y .  We have  made u s e  of d i f f e r e n t  l o c i l t i o n s  
t o  s c r e e n  f o r  d i f f e r e n t  t r a i t s  b e c a u s e  t h e  e x p r e s s i o n  i s  more r e l i a b l e  and 
b e t t e r  t h a n  a t  Hyderabad. With d i s e a s e s ,  even  i n  good l o c a t i o n s  f o r  t h e  
d i s e a s e ,  we have i n o c u l a t e d  t o  o b t a i n  a  morr  r e l i a b l e  and u n i f o r m  i n f r c t i o n .  
At H i s s a r ,  d u r i n g  March and A p r i l  t h e  s h o o t - f  l y ,  and d u r i n g  t h e  monsoon t h e  
s tem b o r e r ,  a r e  s u f f i c i e n t l y  s e v e r e  t h a t  u s e  of a t t r a c t a n t s  and spreadcsr  rows 
o r  i n f e s t a t i o n  w i t h  s tem b o r e r s  is n o t  n e c e s s a r y .  
We a r e  i n t e r e s t e d  i n  a n  o p p o r t u n i t y  t o  s c r e e n  a t  d i f f e r e n t  l e v ~ l s  of  
s e v e r i t y  s o  t h a t  we do n o t  o v e r - p r e s s u r e  e a r l y  g e n e r a t i o n  m a t e r i a l ,  b u t  i n -  
c r e a s e  s e v e r i t y  a s  r e s i s t a n c e  i n  t h e  p l a n t  m a t e r i a l  improves .  We o r e  r e a l i z -  
i n g  a  lower s tem b o r e r  p r e s s u r e  i n  t h e  monsoon s e a s o n  t h a n  i n  t h e  p o s t  monsoon 
season  f o l l o w i n g  a r t i f i c i a l  i n f e s t a t i o n  a t  Hyderabad.  The l e v e l  of  s e v e r i t y  
d u r i n g  t h e  monsoon s e a s o n  a t  P a n t n a g a r  i s  be tween  t h a t  found a t  Hyderabad and 
H i s s a r .  We can  u s e  sowing d a t e  d u r i n g  t h e  monsoon s e a s o n  t o  g a i n  some c o n t r o l  
of  s h o o t  f l y  a t t a c k .  L a t e  sowing f a v o r s  midge and head bugs a t  Dharwar. E a r l y  
; r a r i n g  a t  Dharwar f a v o r s  downy mi ldew,  l a t e r  sowing c h a r c o a l  r o t ,  and s t i l l  
d a t e r  sowing s u g a r y  d i s e a s e .  As we g a i n  more e x p e r i e n c e  we a r e  a b l e  t o  i d e n -  
: t i f y  l o c a t i o n s  and sowing d a t e s  t o  maximize t h e  s e l e c t i o n  o p p o r t u n i t y  t h a t  we 
&ant. 
C ". 
Technique can  b e  v e r y  i m p o r t a n t .  S e l e c t i o n  o f  p l a n t s  a t  m a t u r i t y  
,for resistance t o  s h o o t  f l y  i s  n o t  v e r y  u s e f u l  - a l m o s t  no  g a i n  is  made. Once 
we began  t o  s e p a r a t e  t h e  e f f e c t s  of o v i p o s i t i o n  n o n - p r t ~ t e r e ~ l c e ,  a n t i b i n s i s .  
and r e c o v e r y  r e s i s t a n c e  i n  t h e  s e e d l i n g  s t a g e  much more progrt,ss was m:ldr - 
we now have  e n t r i e s  t h a t  showed a 70% s t a n d  when t h c  h c s t  l o c a l  check hnd :I 
40% s t a n d .  R e c e n t l y  t r i c h o m e s ,  m i c r o s c o p i c  h a i r s  ~ > n  thr* l e a v e s ,  and a ~ l n s s ,  
t r a i t  have  b e e n  shown t o  c o n t r i b u t e  t o  resistance and we w i l l  b c g l n  trl h.ick- 
c r o s s  t h e s e  t r a i t s  ( t h e y  a p p e a r  t o  he l i n k e d )  i n t o  o u r  e l i t e  h r c r d i n ~  s t o c k s .  
Number of l o c a t i o n s  d e s i r e d  f o r  s c r e e n i n g  i s  i n f l u r n c c d  by t l l r  r r l l l -  
b i l i t y  o f  t h e  s c r e e n i n g  p r o c e d u r e .  Our t e c h n i q u e s  f o r  s l icot  f l y  . ~ n d  g r n i n  
mold a r e  sufficiently good t h a t  we u s e  o n l y  2 l i r c a t l o n s .  S t r i ~ a  .lnJ midge 
a r e  chancy  - some y e a r s  e x p r e s s i o n  i s  good and In some y r a r s  poor .  I lnifornil-  
l y  o f  S t r i g a  r n f e s t a t i o n  i s  v e r y  d i f f i c u l t  t o  r c a l l z c .  We t h c r e f o r i ,  choosr  
more l o c a t r o n s  ( 4 ,  5 ,  6 a s  p o s s l h l e )  and i n  t h r  c a s c  of S t r l g a  u s e  mulo r r p l l -  
c a t i o n s  (4-6) and s p a c e  a  c o m o n  s u s c e p t i b l e  check  trc.qurntlv ttirougliout thr 
f i e l d  The i n c r e a s e d  number o f  l o c a t r o n s  h e l p s  e n s u r e  t h a t  a t  l e a s t  on(, o r  
two of them w i l l  succeed  r . ich y e a r .  
5) S e p a r a t i n g  e f f e c t s .  One of t h e  b i g  problems t h a t  wr have i s  s t ,p.~r . l t -  
i n g  one  e f f e c t  from a n o t h e r .  Shoot  bug  can  i n t e r f e r e  w i t h  s c r e e n i n g  f o r  g r a i n  
mold ,  s t e m  b o r e r s  c a n  r e d u c e  head s i z e  r e s u l t i n g  i n  poor e x p r e s s i o n  of c h a r -  
c o a l  r o t ,  u s l n g  c h e m ~ c a l s  t o  c o n t r o l  s h o o t  f l y  a t t a c k  has an a d v c r s e  r f f r c t  
on  s t e m  b o r e r s  p l a c e d  d u r i n g  t h e  i n f e s t a t i o n  p r o c e s s ;  s u g a r y  d i s e a s e  can i n -  
t e r f e r e  w i t h  midge s c r e e n i n g .  We now go t o  c o n s i d e r a b l e  expense  t o  c o n t r o l  
t h e  unwanted e f f e c t ;  f o r  example ,  s h o o t  f l y  ~ g g s  a r e  removed by hand e v e r y  
two d a y s  i n  t h e  p o s t  monsoon s tem b o r e r  s c r e e n i n g  n u r s e r y .  We make u s r  of  
i n s e c t i c i d e s ,  even  u s i n g  more f r e q u e n t  a p p l i c a t i o n s  t h a n  normal ly  r e q u i r e d  
t o  c o n t r o l  s t e m  b o r e r s  i n  a  c h a r c o a l  r o t  s c r e e n i n g  n u r s e r y .  We head hag t o  
p r o t e c t  from midge t o  e v a l u a t e  head bug damage. 
6 )  Working w i t h  q u a n t i t a t i v e  i n h e r i t e d  t r a i t s .  Most of  t h e  problems 
t h a t  we work w i t h  a r e  q u a n t i t a t i v e  i n  n a t u r e .  One approach  t h a t  wr a r e  t a k l n ~  
i s  t o  t r y  and i d e n t i f y  r e s i s t a n t  and s u s c e p t i b l e  c u l t i v a r s  from f i e l d  s c r c e n -  
i n g .  Once we have  made such  i d e n t i f i c a t i o n  we b e g i n  t o  look f o r  c o n t r i b u t i n g  
f a c t o r s .  Todate  we have o n l y  approximated  t h i s  a p p r o a c h .  R e s i s t a n c e  t o  shoot  
f l y  was known b u t  p r o g r e s s  by b r e e d i n g  began when o v i p o s i t i o n  n o n - p r e f e r e n c e ,  
a n t i b i o s i s ,  and r e c o v e r y  r e s i s t a n c e  e f f e c t s  were s e p a r a t e d  w h i l e  s r l e c t i n g .  
S u b s e q u e n t l y  t r i c h o m e s  and a  g l o s s y  t r a i t  c o n t r i b u t i n g  t o  r e s i s t a n c e  were 
i d e n t i f i e d .  A s e a r c h  among c u l t i v a r s  by f i e l d  s c r e e n i n g  f o r  S t r i g a  r e s i s t a n c e  
h a s  b e e n  c o u p l e d  w i t h  l a b o r a t o r y  t e s t s ,  Low s t i m u l a n t  p r o d u c t i o n  ( s t i m u l a n t  
i n  r o o t  e x u d a t e  from sorghum t h a t  g e r m i n a t e s  S t r i g a  s e e d s )  and m e c h a n i c a l  
b a r r i e r s  t o  p e n e t r a t i o n  b y  S t r i g a  r o o t s  have  b e e n  i d e n t i f i e d .  U n f o r t u n a t e l y ,  
low s t i m u l a n t  p r o d u c t i o n  and f i e l d  r e s i s t a n c e  have not  been  w e l l  c o r r e l a t e d  
( C o r r e l a t i o n  Coef .  o f  0 .4 ) .  When we c a n  i d e n t i f y  v a r i o u s  components of a  
q u a n t i t a t i v e l y  c o n t r o l l e d  t r a i t  we can b r e e d  t o  i n c r e a s e  t h e  e x p r e s s i o n  o f  
t h e  components .  H o p e f u l l y ,  we can  recombine  components r e a l i z i n g  a h i g h e r  
l e v e l  o f  r e s i s t a n c e  t h a n  i f  t h e  t r a i t  were  s e l e c t e d  a s  a  whole .  T h i s  h a s  
c e r t a i n l y  b e e n  t h e  c a s e  f o r  s h o o t  f l y  where  s e l e c t i n g  f o r  normal m a t u r e  p l a n t s  
i n  a  s c r e e n i n g  f i e l d  r e s u l t e d  i n  a l m o s t  no  g a i n .  S c r e e n i n g  f o r  components 
h a s  b e e n  v e r y  s u c c e s s f u l .  A q u e s t i o n  i s  r a i s e d  w h e t h e r  we s h o u l d  s c r e e n  f o r  
cnrrponpnrs o r  f o r  t h e  e f f e c t  i t s e l f  - some f e e l  t h a t  s e l e c t i n g  f o r  components 
may r e s u l t  i n  p lac ing too  much s t r e s s  on some a s p e c t  and missln):  tllc ttlt.11. 
I f  s e l e c t i o n  i s  f o r  t he  t r a i t  a l l  components a r e  improved. Our e spPr i c~ncc  
has  not  been t h i s  way and we p r e f e r  t o  look a t  components when t h i s  .lppt,*lrs 
p o s s i b l e  and con t r ibu t ing .  
7 )  Mode of i n h e r i t a n c e .  We a r e  concerned about  tlll? modr o t  inilt,rlt.~ncca 
i n  any a r r a y  of d ive r se  types  showing r e s i s t a n c e .  In  t he  l a s t  2 y r a r s  tllc 
presence  of tr ichomes and t h e  failure t o  produce t h e  s t imu lan t  t o  germin-ite 
S t r i g a  a s i a t i c a  seeds  have been ~ d e n t i f i e d  t o  be  c o n t r o l l e d  hy s i n g l e  r r ccc , -  
s i v e  genes .  We th ink  t h a t  g los sy  i s  a l s o  c o n t r o l l e d  by a  single.  recessive 
f a c t o r  and w i l l  confirm t h i s ,  t h i s  y e a r .  Obviously such simply i n h c r i t r d  
t r a i t s  can  be  e a s i l y  used by backcross ing.  
We a r e  a l s o  i n t e r e s t e d  i n  t h c  magnitude of a d t l i t i v c  v:lri.in~c, c f f c ~ c t s  
and t h e  magnitude and direction of dominance. We a r e  interested in 11rri t ; l-  
b i l i t i e s  - a l l  of t h i s  informat ion he lps  dec ide  b reed ing  approach. 
8) Simultaneous inco rpo ra t ing  of m u l t i p l e  t r a i t s .  We a r e  p lanning 3 
breed ing  approach where F2 and F3 g e n e r a t i o n s  w i l l  b e  sown s l i g h t l y  l a t e  i n  
t h e  monsoon season t o  i n c r e a s e  the' l e v e l s  of a t t a c k  by shoot  f l y ,  s t rm  b o r e r ,  
head bugs ,  shoot  bugs,  downy mildew, e t c .  s l i g h t l y  above t h e  l e v r l  of s e v e r i t y  
found i n  f a rmer ' s  f i e l d s .  'Illis w i l l  enab le  us t o  drop s u s c e p t i b l e s .  Sreds  
w i l l  be  increased i n  t h e  Fq and f a m i l i e s  i n  t h e  Fg and Fg w i l l  be  screened 
f o r  a l l  t r a i t s  of concern.  We w i l l  t hen  group m a t e r i a l s  based on sco re s  f o r  
t hose  3 t r a i t s  f o r  which t h e  s co re  was b e s t .  S e l e c t i o n  p r e s s u r e  w i l l  then he  
a p p l i e d  f o r  t hese  3 t r a i t s  s imul taneously  u n t i l  good l e v e l s  of r e s i s t a n c e  a r e  
r e a l i z e d .  Then, f u r t h e r  recombination w i l l  be under taken.  I t  has  been sug- 
ges t ed  t h a t  i t  i s  not p o s s i b l e  t o  s imu l t aneous ly  handle  more than 3 t r a i t s  
because  of random e f f e c t s  i n  each t r a i t  t h a t  reduce  t h e  ga in  by s e l e c t i o n .  
Geographic d i s t r i b u t i o n  of problems and v a r i e t a l  a d a p t a t i o n  w i l l  be  cons ide red  
wh i l e  pool ing  t r a i t s .  Some t r a i t s  t h a t  go t o g e t h e r  a r e  a l r e a d y  becoming ap- 
p a r e n t  - drought r e s i s t a n c e ,  cha rcoa l  r o t  r e s i s t a n c e ,  and S t r i g a  r e s i s t a n c e ;  
i . e . ,  drought  r e s i s t a n t  l i n e s  u s u a l l y  a r e  more r e s i s t a n t  t o  cha rcoa l  r o t  and 
S t r i g a  (based on casua l  o b s e r v a t i o n ) .  We r ecogn ize  t h e  va lue  of t h e  popula- 
t i o n  b reed ing  method f o r  s imul taneous  i n c o r p o r a t i o n  of t r a i t s .  Fami l i e s  can 
be  eva lua t ed  f o r  a  number of t r a i t s  and t h e  b e s t  i nc luded  f o r  recombinat ion .  
N. Breeding f o r  Res i s t ance  t o  Mois ture  and Temperature S t r e s s  
E f f o r t s  t o  breed f o r  r e s i s t a n c e  t o  drought  based on y i e l d  have not been 
good. C o r r e l a t i o n  between performance wi th  adequa te  mo i s tu re  and i n  mo i s tu r r  
s t r e s s  i s  poor i n d i c a t i n g  t h e  need t o  e v a l u a t e  b reed ing  m a t e r i a l  i n  bo th  s i t u a -  
t i o n s .  Attempts t o  c o r r e l a t e  p l a n t  t r a i t s  w i t h  y i e l d  i n  mois ture  s t r e s s  s i t u a -  
t i o n s  has  been poor.  C l e a r l y ,  b reed ing  f o r  drought  r e s i s t a n c e  i s  going t o  b r  
a problem - t h i s  i s  not unexpected.  
Some a s p e c t s  r e l a t e d  t o  s t and  e s t ab l i shmen t  and s e e d l i n g  drought  r e -  
R b t a n c e  have been rewarding. Seeds of some v a r i e t i e s  emerge from a s  deep 
B -25 cm. The va lue  of deep sowing i s  t h a t  t h e r e  should  be  adequa te  mo i s tu re  t h e  s o i l  a t  the  t ime of germinat ion  t o  s u s t a i n  s e e d l i n g  emergence and 
growth i f  r a i n s  f a i l  a f t e r  sowing. Tes t s  f o r  s eed l lnq  d roug t~ t  s t r e s s  I1.1vr 
been c a r r i e d  ou t  s c reen ing  f o r  s eed l ing  t h a t  wi th  s t and  drought and t l~os t ,  e l 1 . 1 ~  
recover  when s t r e s s  i s  r e l e a s e d .  The g los sy  t r a i t  c o n t r i b u t i n g  t o  rcsistnnctx 
t o  shoot f l y  i s  a l s o  c o n t r i b u t i n g  t o  s eed l ing  drought toler, ince 
Drought r e s i s t a n c e  i n  t h e  s e e d l i n g  s t age  1 s  not w e l l  c o r r e l a t e d  wi th  
drought  r e s i s t a n c e  l a t e r  i n  t h e  l i f e  of t h e  p l a n t .  Prelimin.rry experiment.; 
a r e  showing d e f i n i t e  d i f f e r e n c e s  i n  the  a b i l i t y  of s e e d l ~ n g  of some v * l r i c t l ~ q  
t o  emerge through a s o i l  c r u s t .  A l i n e  source  method of i r r i ga t ro r r  1 s  proving 
u s e f u l  t o  e v a l u a t e  drought r e s i s t a n c e  throughout t he  l i f e  of t h e  p l a n t .  Row\ 
a r e  sown pe rpend icu la r  t o  a n  i r r i g a t i o n  l i n e  w i th  about twice tlie nt~rmcll num- 
b e r  of s p r i n k l e r s .  I n  t h e  f u t u r e  we hope t o  l e a r n  more about t h e  r o l e  of b o l l  
and a i r  tempera ture  on p l an t  development. 
V .  Grarn Q u a l i t y  
I n i t i a l l y  cons ide rab le  emphasis was p laced on high l y s i n c .  Two sourcrs< 
were a v a i l a b l e ;  t h e  shrunken seeded types  from E th iop ia  (IS-11758 and I S - l l l h 7 )  
and an opaque seeded type  (P721) from Purdue Un ive r s i t y .  No one has  succecdrd 
i n  recoverning a  plump seeded high l y s i n e  seg rega te  t h a t  i s  s t a b l e  when tlic 
E th iop ian  types  a r e  used a s  donor pa ren t s .  I t  appea r s  t h a t  t he  shrunken sectd 
and high l y s i n e  a r e  p l e o t r o p i c .  The opaque seed source  has a l s o  been d i s a p -  
p o i n t i n g  because  t h e  l y s i n e  a s  percent  of p r o t e i n  i s  about t h e  samr a s  Ln nor-  
mals under low f e r t i l i t y  c o n d i t i o n s .  Most of t h e  farmers t h a t  we a r e  concc.rn~.(l 
about w i l l  be  growing i n  low f e r t i l i t y  cond i t i ons .  Our i n t c r e s t  i n  h igh ly s in t  
sorghums has  dropped t o  a  low p r i o r i t y .  
We a r e  i n t e r e s t e d  i n  food q u a l i t y  and have s t anda rd i zed  procedures  t o  
e v a l u a t e  Chapat is  (an unlavened bread i n  I n d i a ) ,  @, a  p o r r i d ~ e  and w, 
dumpling used i n  East  A f r i c a ,  Considerable  d i f f e r e n c e s  have been found i n  
foods prepared from v i s u a l l y  s i m i l a r  p e a r l y  wh i t e  g r a i n .  We f e e l  t h a t  we can 
i d e n t i f y  v a r i e t i e s  w i th  good g r a i n  q u a l i t y ,  reducing t h e  problems of  a c c e p t -  
ance .  
V I .  Tlle Fu tu re  
Where a r e  we going?  On a  g l o b a l  b a s i s  t h e  inves t iment  i n  sorghum i s  
i n c r e a s i n g  - T i t l e  X I 1  i n  t h e  U.S.A. and ICRISAT a r e  examples. A  m j o r  e f f o r t  
i s  be ing made t o  improve c rop  s t a b i l i t y .  Th i s  i s  be ing  under taken i n  many 
ways - breed ing  f o r  s t a b i l i t y  per  s e ,  developing v a r i e t i e s  some 2 t o  4 weeks 
e a r l i e r  t han  t h e  l o c a l s  ( i n  c a s e  t h e  r a i n s  f a i l ) ,  and t h e  development of rc -  
s i s t a n c e  t r a i t s .  I fo re see  an inc reased  use  of hybr ids .  
Res i s t ance  t o  drought  i s  h igh  on t h e  p r i o r i t y  l i s t  - we a r e  concerned 
about bo th  mois ture  and tempera ture  s t r e s s .  We a r e  a l s o  concerned about  prob- 
lems of s t a n d  e s t ab l i shmen t .  Stem b o r e r s  t op  t h e  l i s t  of i n s e c t  problems; 
i n t e r n a t i o n a l l y  midge i s  more impor tant  t han  shoot  f l y .  We a r e  a l s o  concerned 
about  sucking bugs.  Grain  molds a r e  a  u n i v e r s a l  problem, c h a r c o a l  r o t  i s  
sp read ing  r a p i d l y  i n  Ind ia  and s e v e r a l  a r e a s  of A f r i c a .  Downy mildew i s  i n -  
c r e a s i n g  a s  a  problem i n  I n d i a  and i s  of major  concern i n  t h e  Americas. Sooty 
s t r i p e  i s  a  major problem i n  West A f r i c a  and grey  l e a f  spo t  i s  a  prohlem i n  
Afr ica  and s e v e r a l  American c o u n t r i e s .  Anthracnose i s  a  problem in  p a r t s  of 
South America and t h e  high e l e v a t i o n  a r e a s  of E t h i o p i a .  S t r i g a  hermonthica 
i s  a  major l i m i t i n g  f a c t o r  i n  p a r t s  of Af r i ca .  
We a r e  p l a c i n g  emphasis on v a r i e t a l  improvement w i th  n s t r o n g  inpu t  
i n t o  hybr ids .  An e f f o r t  i s  being made t o  deve lop  good food q u a l i t y  typt3s t o  
minimize accep tance  problems. We a r e  deve lop ing  t echn iqu r s  t o  s c reen  f o r  
t he  y i e l d  l i m i t l n g  f a c t o r s  and a r e  concerned by s imul taneous  incorpcrratioll  
of s e v e r a l  t r a i t s  i n t o  e l i t e  v a r i e t a l  m a t e r i a l .  We a r e  doing t h i s  k)n an  in -  
t e r n a t i o n a l  s c a l e .  These o b j e c t i v e s  w i l l  occupy much of ou r  a t t e n t i o n  i n  
t h e  1980 's .  
T ra in ing  and an  e f f o r t  t o  b u i l d  n a t i o n a l  r e sea rch  c a p a b i l i t y  i s  i m -  
p o r t a n t  t o  ou r  o b j e c t i v e .  
V I I .  I n t e r a c t i o n  wi th  I n t e r n a t i o n a l  Cen te r s  
As mentioned, a  main o b j e c t i v e  of ICRISAT i s  t o  h e l p  s t r e n g t h e n  coun t ry  
programs. You may ask  t h e  ques t ion  "How"? T r a i n i n g  i s  c e r t a i n l y  an important 
a spec t  - g e n e r a l l y ,  cach country  i d e n t i f i e s  cand ida t e s  f o r  t h e  t r a i n i n g  pro- 
gram. Candidates  can  be  nominated from d i f f e r c n t  k inds  of i n s t i t u t i o n s  wi th-  
i n  a  coun t ry  - government,  u n i v e r s i t y ,  r e s e a r c h  c o r p o r a t i o n s ,  e t c .  ICRISAT 
i s  a b l e  t o  suppor t  a  good number of t r a i n e e s  bu t  some a r e  funded by o t h e r  
agenc ie s .  I t  i s  neces sa ry  f o r  t r a i n e e s  t o  be  a b l e  t o  communicate i n  Eng l i sh .  
ICRISAT has  an arrangement w i th  t h e  Andhra Pradesh A g r i c u l t u r a l  IJni-  
v e r s i t y  f o r  deg ree  s t u d i e s  (M.Sc.). Studen t s  who a r e  accep ted  by t h e  Univer- 
s i t y ,  do t h e i r  cou r se  work and r e c e i v e  t h e i r  deg ree  from t h e  U n i v e r s i t y  bu t  
do t h e i r  r e s e a r c h  a t  ICRISAT. There a r e  a l s o  p o s t - d o c t o r a l  ( r e s e a r c h  s c h o l a r  
and i n t e r n )  o p p o r t u n i t i e s .  These va ry  from one t o  two y e a r s .  There a r c  op- 
p o r t u n i t i e s  f o r  v i s i t i n g  s c i e n t i s t s  t o  come t o  t h e  i n s t i t u t c  f o r  p e r i o d s  o f  
a  few weeks t o  a  y e a r  o r  more t o  work on s p e c i a l  p r o j e c t s .  A l l  of t h e s e  
a c t i v i t i e s  a r e  c o n t r o l l e d  by t h e  t r a i n i n g  depar tment  and approva l  t o  come t o  
ICRISAT i s  provided by a  t r a i n i n g  committee. 
ICRISAT a l s o  sends  a  d i v e r s e  a r r a y  of s eeds  t o  many p a r t s  of t h e  world.  
These may be  seeds  o f  e n t r i e s  i n  t h e  world c o l l e c t i o n s ,  from t h e  b reed ing  pro-  
grams, o r  i n  t h e  form of i n t e r n a t i o n a l  y i e l d  t r i a l s  and n u r s e r i e s .  They may 
be seeded of h igh  y i e l d i n g  l i n e s  o r  of l i n e s  w i th  r e s i s t a n c e  o r  q u a l i t y  t r a i t s .  
Seed from any of t h e s e  sou rces  can be  ob ta ined  by w r i t i n g  a  l e t t e r  of  r e q u e s t .  
Cur on ly  l i m i t a t i o n  i n  sending seed i s  t h e  a c t u a l  q u a n t i t y  a v a i l a b l e .  I f  i t  
i a  too  low we w i l l  f i r s t  have t o  make an i n c r e a s e  - t h i s  i s  seldom a  problem. 
. b n y  of our  r e g i o n a l  t r a i l s  and n u r s e r i e s  have been grown i n  Tha i l and .  
ICRISAT i s  deve lop ing  a  Sorghum and M i l l e t s  Informat ion S e r v i c e  (SMIC). 
n e w s l e t t e r  i s  now coming out  - t h e r e  w i l l  be  t h r e e  i s s u e s  p e r  yea r .  Th i s  
W s l e t t e r  w i l l  have a  b i b l i o g r a p h y  s e c t i o n  on r e c e n t  sorghum and m i l l e t  
~ b l i c a t i o n s .  SHIC i s  a l s o  developing a  documenta t ion  s e r v i c e  and a l r e a d y  
>p ie s  of a r t i c l e s  have been made a v a i l a b l e  on r e q u e s t .  
-1CRTSAT has centela. in other countries. These centers e x i s t  by on 
invitation of the host country and are funded by various donor ngcncies. 
